grammed from 40 to 260 at 4 /min and held at 260 for 5 min. The injector and detector temperatures were 270 and 280 . The flow rate of the carrier gas helium was 1.8 mL/min. Peak areas were quantified using a computer integrator.
Gas chromatography-mass spectrometry
GC-MS was carried out with an Agilent Technologies 6890 chromatograph with an Agilent Technologies 5973A mass selective detector. The GC was equipped with two capillary columns HP-5MS, 30 m 0.25 mm i.d., film thickness 0.25 μm, and DB-WAX, 15 m 0.25 mm i.d., film thickness 0.25 μm . For the HP-5MS, the column temperature was programmed from 40 to 260 at 4 /min and held at 260 for 5 min. The flow rate of the carrier gas helium was 1.8 mL/min. The actual temperature in the MS source reached approximately 230 and the ionization voltage was 70 eV. The acquisition mass range was 40 450 amu. For the DB-WAX, the column temperature was programmed from 40 to 240 at 4 /min and held at 240 for 10 min. The injector and detector temperatures were 270 and 280 . The flow rate of the carrier gas helium was 1.4 mL/min. The actual temperature in the MS source reached approximately 230 , and the ionization voltage was 70 eV. The acquisition mass range was 40 450 amu.
Identi cation of components
Identification of the individual components was based on i comparison of their GC-MS retention indices RI on apolar and polar columns determined relative to the retention times of a series of n-alkanes C 8 C 26 , with those of authentic compounds, or literature data 12 and ii computer matching with commercial mass spectral libraries NIST 02, Mass Finder 4, and Aroma Office and comparison of spectra with literature data. The relative amounts of the individual components were calculated based on GC peak areas FID response , without using correction factors.
2.6 Gas Chromatography-Olfactometry GC-O GC-O was carried out using an Agilent 6890N gas chromatograph equipped with an Agilent 5973N MSD mass spectrometer and an ODP2 sniffing port Olfactory Detector Port2, Gerstel, Tokyo, Japan . The GC was equipped with a HP-5MS column 30 m 0.25 mm i.d., 0.25 μm film thickness . The sample was injected into the GC in splitless mode. The GC effluent from the capillary column was split 1:1 v/v between the MS and the sniffing port. The oven conditions and injector and detector temperatures were as given above for GC analysis.
Aroma extract dilution analysis AEDA
The flavor dilution FD factors of the odorants in the essential oil were determined by AEDA of the following dilution series. The highest dilution was defined as FD factor 1 10 mg/mL . The oil was diluted stepwise 1 1, v/v by addition of diethyl ether. Aliquots were then analyzed by GC-O on the HP-5MS capillary column. The highest dilution at which an individual component could be detected was the FD factor for that odorant 13 .
Results and Discussion
The essential oil from the roots of P. mirifica was pale yellow with green and sweet odors. The yield was 0.025 w/w . The chemical compositions of the essential oils are summarized in Table 1 .
, and 4-vinyl-o-guaiacol 4.9 . Aldehydes and ketones constituted 31.3 of the total oil. By contrast, hydrocarbons were nearly negligible in this oil. Previous reports described only small amounts of hydrocarbons in the essential oil from the flower of Pueraria thomsonii, and hydrocarbons were limited in the roots of Pueraria lobata as well 11, 14 . This is a characteristic of the essential oil from the genus Pueraria. Also, in our previous report, we identified the components of the essential oil from the roots of Pueraria lobata 11 and found that it did not contain C 6 compounds. However, C 6 compounds such as hexanal, hexanol, 2-cyclohexen-1-one, and 2-ethyl-1-hexanal were confirmed in the oil of P. mirifica. In addition, aldehydes and alcohols of the same carbon chain and pyrazine-type, such as methylpyrazine, 3-ethyl-2,5-dimethylpyrazine, and tetramethylpyrazine, were detected in P. mirifica oil. Pyrazine compounds are considered to be products of the Maillard reaction 15 .
α-Necrodol a monoterpene and phyllocladanol a diterpene were identified as minor compounds. Although trans-α-necrodol was reported from Lavandula luisieri L. as an essential oil 16 , this is the first time that α-necrodol was detected in the Pueraria genus. The previous report of the anti-insect activity of α-necrodol against Periplaneta Americana and Phormia regina heightens our interest in this substance from the oil. The aroma-active compounds of the essential oil from P. mirifica were evaluated by GC-O and AEDA. The identification of the compounds was based on comparisons of their retention times. The results are shown in Table 2 and Fig. 1 . A total of 17 aroma-active components were detected by the sniffing test. Among the aroma components, geraniol, with a sweet odor, exhibited the highest FD factor of 64, and had the characteristic aroma of P. mirifica.
Other strong aroma compounds, phenylacetaldehyde green odor, FD 16 , 2E -2-nonenal green odor, FD 16 , 2-ethyl-1-hexanol green odor, FD 8 , linalool sweet odor, FD 8 , nonanal green odor, FD 8 , and C-8 compounds, such as 1-octen-3-one green odor, FD 4 , 3-octen-2-one green odor, FD 8 , and 2E -octenal green odor, FD 8 , contributed to the odor of the oil. Thus, monoterpene alcohols had important roles in producing the sweet odor, and the C-9 aldehydes group played an important role in the green odor. These components com- 
